Wyoming and Utah, western Colorado, southern Montana, and western Nebraska and South Dakota; a large river system draining the central United States and entering the sea in northwestern Texas; and a narrow channel in Nevada connecting with the open ocean to the west.
Such a synthesis of data pertaining to the "Red Beds" as Branson has attempted is welcome indeed, but to be satisfactory and useful it must be fairly complete and must account, in its broad view, for various local features, or at least must not stand in violent conflict with them. It is the present writer's opinion, based in part on the literature but in greater part on personal observation during fifteen summers of field work in Wyoming, Colorado, Utah, and northern Arizona and New Mexico, that at many points Professor Branson has failed to accomplish this result. Much still remains to be learned, of course, but much has been accomplished that should be taken into account in a general consideration of the "Red Beds."
MARINE ORIGIN OF RED BEDS
With the main thesis of Branson's paper, that large thicknesses of the red beds of the Rocky Mountain region present characteristics explainable only by the assumption of deposition in a very large body of water, probably saline, the writer has much sympathy. In such formations as the Moenkopi of southern Utah, the undifferentiated Woodside and Thaynes of the eastern Uinta Mountains, and the Chugwater of central Wyoming (where it includes only the beds from the top of the Permian deposits to the base of the "Popo Agie beds" or Jelm formation), the gradual transition laterally from fossiliferous marine red and non-red sediments into unfossiliferous red beds, the widespread regularity and parallelism of bedding in great thicknesses of rock, the lack of coarse materials, etc., do not harmonize well with a postulate of fluviatile origin of the deposits. The contrast is striking between the formations named and such deposits as the Chinle formation, the Jelm formation, and the Dolores formation, in which very irregular bedding, non-persistence of minor units, coarse debris, remains of terrestrial vegetation, crocodiles, dinosaurs, and fresh-water invertebrates suggest a fluviatile origin. Some recent writers have preferred to interpret all red beds as a product of "continental" sedimentation, but red beds are so varied in their characters-even in coloring-that a single explanation of origin seems entirely inadequate to account for all of them. One might as well attempt to explain all sandstones by the postulate of a single set of conditions.
CORRELATIONS
The correlation table given by Branson,' incorporating in compact form important parts of the paper, seems to the present writer in large part inconsistent with the best existing data. It presents an interpretation much too simple to account for the facts. A large amount of information-of unequal value, to be sure, but mostly usable-has accumulated over a considerable period of years. Recent detailed field work has checked and corrected much of this, has added new data, and has afforded correlations between Utah and western Colorado, between Wyoming and eastern Colorado, between parts of Wyoming, and between southeastern Idaho and adjacent areas in the main so well founded as to seem unimpeachable. The writer has attempted in the following paragraphs to give a brief review of the conclusions reached in this work, together with remarks on some other areas, and has presented them in graphic form in Figure I .
Arizona, southern and eastern Utah, and southwestern Colorado.-The section in northern Arizona and southern and eastern Utah has received much attention and is very well worked out.2 It may well serve, therefore, as a sort of standard section. That in southwestern Colorado is also well known;3 and the relations of the formations to r Ibid., p. 6Io, Fig. 3 The writer believes with Lee' that the Jelm and "Popo Agie beds" are essentially the same; that they are unconformable on the underlying beds, the unconformity representing much of the Middle Triassic and possibly part of Upper Triassic time; that the differences in the scanty vertebrate faunas are more likely due to the accidents of preservation and of collecting than to difference in age; and that the structural relations, stratigraphic position, and lithology must be considered of superior weight. It seems to the writer that Branson is inconsistent in discarding the evidence of the vertebrates," while using the differences in the recorded vertebrate faunas of the "Popo Agie beds" and the Jelm formation to support the interpretation of difference in age.3
The writer believes that the name Chugwater would best be restricted to the part of the red beds between the Permian and the base of the Jelm ("Popo Agie"), wherever these limits can be drawn. This is in accord with the present practice of the U.S. Geological Survey, which is to place the top of the Chugwater at the base of the Jelm ("Popo Agie"), where that unit is recognized, and excludes from the Chugwater the Dinwoody, Embar, Phosphoria, Forelle, and Satanka formations wherever any of these are recognized. In some areas, The writer is in agreement with Twenhofel in considering such an origin as clearly impossible. Winds do not create widespread beds of even thickness; wind deposits are not ripple marked on extensive surfaces; extensive wind deposits vary greatly in texture from coarse, wellrounded almost pure quartz sand, on the one hand, to heterogeneous loesslike deposits, to fine silt deposits. It has been rather generally assumed that wind deposits should have well-rounded grains and be uniform in texture and composition. This is true of the fairly coarse wind-blown sands, but where the modal grains are less than i mm. in size the materials are highly heterogeneous and the grains are mainly angular. . . . . In an area of deposition as large as that covered by the Wingate, Navajo, or any of the red bed sands, the fine dune sand, loess, and adobe should be much larger in amount than the coarse dune sand, but the sands of all these formations are remarkably well sorted.2
The writer would agree with Branson that the red beds proper, i.e., excluding the large sandstone formations, give little evidence of eolian origin; further, that parts of the large, cross-bedded sandstones, in part red but chiefly non-red, are by most of our ordinary SIbid., p. 627. "Ibid., pp. 620, 630. criteria water-laid. On the other hand, to say on the basis of present data that eolian origin or, in larger terms, subaerial origin is "clearly impossible" for a considerable part of the large sandstone formations, does not appear to be justified. It is premature to settle so important and complex a question in this out-of-hand fashion and on purely theoretical grounds. When much more first-hand information is available than anyone has yet given evidence of possessing, we may hope for a definite answer regarding the origin of this imposing part of the Mesozoic sequence. In the meanwhile a reserved judgment would seem to be the safer and wiser attitude. The gross characters of the sandstones in question have been given by description and photograph in many papers and it seems of little service to repeat them here. Suffice it to say that Branson's picture of them does not seem to the writer entirely accurate. There are certain planes that can be followed over large areas, it is true, but they are few and the thicknesses of rock between, in which very large-scale tangential cross-bedding is conspicuous, are large. In the Navajo particularly is this true. Here and there in the Navajo are "pans" of sandy limestone, a small fraction of a mile in diameter and a few feet thick, often containing thin sheets which were cracked and curled by drying and then covered by sand, the sand now filling the cracks around the sharp-edged and "unwilted" curls. At at least one locality the Navajo contains perfectly typical dreikanter. The writer has not seen extensive,flat, ripple-marked surfaces anywhere in the large sandstone formations (except possibly in some thin water-laid parts and in the Todilto(?), where also occur shells of Unio and vegetable debris)-in fact, ripple marks are unusually rare-and the writer suspects in Branson's statements a confusion with some of the possibly marine red beds. Footprints have been observed in other parts of the sequence in addition to the Todilto(?). In short, the mass of evidence seems against the theory of marine origin set forth by Branson, and there is a considerable amount in favor of subaerial and even of eolian origin. The writer is led to wonder whether the characters of extensive wind deposits, as given in the second quotation above, are sufficiently well founded to fix the criteria by which we must judge all deposits of all geologic time. The supposed absence of presentday eolian deposits of extent and thickness comparable to those of these ancient sandstones is an unconvincing argument, and the theoretical improbability of the wind's being able to build such formations does not seem to the writer to preclude such an origin. The deposits themselves seem to the present writer to have on a grand scale the characteristics of present-day small-scale eolian formations. At any rate, a more or less perfunctory dismissal of the question serves no useful purpose. 
